V. 



Searching PAJ 



Page 1 of 1 



PATENT ABSTRACTS OF JAPAN 

(1 1)Publication number : 2001-357861 
(43)Date of publication of application : 26.12.2001 



(51)lntCr 



HOIM 8/02 
HOIM 8/10 
// HOIM 8/24 



(21) Application number : 2000-175054 

(22) Date of filing : 1 2.06.2000 



(71) Applicant 

(72) Inventor : 



HONDA MOTOR CO LTD 

INOUE MASAJIRO 
OTANI TERUYUKI 
KIMURA KUNIAKI 
TANAKA HIROYUKI 
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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a liquid sealing 
compound capable of form a uniform seal at a 
comparatively low temperature and equipping the 
produced seal with a long sustaining durability under the 
fuel cell atmosphere. 

SOLUTION: The liquid sealing compound q1 of thermo- 
hardening type for solid high-polymer type fuel cell 
formed out of laminating separators 1 and 2 and a 
power-generating element MEA has a viscosity of 1000- 
9000 Pa.s when it is applied. This is applied at an 
applying speed in the range set previously in accordance 
with the sealing compound viscosity, application 
pressure, and the width and height of the seal to be 
produced and left hardening in the temperature range 




T 



120°C±5''C and for the preset processing time so that the intended seal is formed. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 
[Claim(s)] 

[Claim 1]A heat-hardened type fluid-sealant agent for polymer electrolyte fuel cells 
characterized by viscosity at the time of spreading being 1000 - 9000 Pa-s in a heat-hardened 
type fluid-sealant agent for polymer electrolyte fuel cells which laminates a separator and a 
power generation element. 

[Claim 21The heat-hardened type fluid-sealant agent for polymer electrolyte fuel cells according 
to claim 1 , wherein a temperature requirement of curing conditions of said heat-hardened type 
fluid-sealant agent for polymer electrolyte fuel cells is 100-130 ** and the temperature 
controlling range is the preset temperature of **5 ** in said temperature requirement. 
[Claim 3]The heat-hardened type fluid-sealant agent for polymer electrolyte fuel cells according 
to claim 1, wherein the temperature controlling range of curing conditions of said heat- 
hardened type fluid-sealant agent for polymer electrolyte fuel cells is 120 ** **5 **. 
[Claim 4]Hardness after hardening of said heat-hardened type fluid-sealant agent for polymer 
electrolyte fuel cells, A heat-hardened type fluid-sealant agent for polymer electrolyte fuel cells 
given in any 1 paragraph of claim 1 to claim 3 being 30-70 degrees in durometer hardness test 
shoreA specified by J IS K 6253. 

[Claim 5]A heat-hardened type fluid-sealant agent for polymer electrolyte fuel cells given in any 
1 paragraph of claim 1 to claim 4, wherein said heat-hardened type fluid-sealant agent for 
polymer electrolyte fuel cells uses a silicone series elastomer, a fluorinated elastomer, or an 
isobutylene system elastomer as a substrate. 

[Claim 6]lt is a single cell for polymer electrolyte fuel cells which laminates a separator and a 
power generation element and closes airtightly between said separator and said power 
generation elements with a seal, A single cell for polymer electrolyte fuel cells, wherein a seal 
heat-hardened and formed in any 1 paragraph of claim 1 to claim 5 between said separator 
and a power generation element in a heat-hardened type fluid-sealant agent for polymer 
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electrolyte fuel cells of a statement is given. 

[Claim 7]lt is a manufacturing method of a single cell for polymer electrolyte fuel cells which 
laminates a separator and a power generation element and closes airtightly between said 
separator and said power generation elements with a seal, The following processes : a heat- 
hardened type fluid-sealant agent for polymer electrolyte fuel cells of a statement in any 1 
paragraph of claim 1 to claim 5 between said separator and said power generation element, A 
process applied at spreading speed of a range by which preliminary setting out was carried out 
according to width and height of viscosity of said heat-hardened type fluid-sealant agent for 
polymer electrolyte fuel cells, application pressure, and a seal to form. And a manufacturing 
method of a single cell for polymer electrolyte fuel cells including a process which stiffens said 
heat-hardened type fluid-sealant agent for polymer electrolyte fuel cells by processing time by 
which is a 100-130 ** temperature requirement, and preliminary setting out was carried out. 
[Claim SJA polymer electrolyte fuel cell having carried out the plural laminates of the single cell 
according to claim 6, and constituting it. 

[Claim 9]ln a polymer electrolyte fuel cell which carried out the plural laminates of the single 
cell which laminates a separator and a power generation element, and constituted it, It is a 
regeneration method of a polymer electrolyte fuel cell which reproduces said seal when 
abnormalities occur on a seal which closes said separator and said power generation element 
airtightly, A process of removing a single cell which has an abnormal seal, a process of 
removing an abnormal seal, A heat-hardened type fluid-sealant agent for polymer electrolyte 
fuel cells of a statement in any 1 paragraph of claim 1 to claim 5 between said separator and 
said power generation element, A process applied at spreading speed of a range by which 
preliminary setting out was carried out according to width and height of viscosity of said heat- 
hardened type fluid-sealant agent for polymer electrolyte fuel cells, application pressure, and a 
seal to form. And a regeneration method of a polymer electrolyte fuel cell including a process 
which stiffens said heat-hardened type fluid-sealant agent for polymer electrolyte fuel cells by 
processing time by which is a 100-130 ** temperature requirement, and preliminary setting out 
was carried out. 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the lnvention]This invention relates to the single cell, the polymer electrolyte fuel cells, 
these manufacturing methods, and regeneration method of the polymer electrolyte fuel cell 
which has the seal which heat-hardened and formed the heat-hardened type fluid-sealant 
agent for polymer electrolyte fuel cells which laminates a separator and a power generation 
element, and said sealing compound. 
[0002] 

[Description of the Prior Art]A fuel cell system is a system which made the core the fuel cell 
which generates electricity by supplying the oxidizing gas containing oxygen to the oxygen 
pole side of a fuel cell while supplying it to the hydrogen pole side of a fuel cell by making 
hydrogen into fuel gas. This fuel cell system transforms chemical energy into electrical energy 
directly. 

Since there are very few discharges of having high generation efficiency or a toxic substance, 
it is observed these days. 

[0003]First, the composition of a fuel cell is explained with reference to drawing 1 and drawing 
2. As shown in drawing 1 and drawing 2 , the fuel cell FC consists of single cell C which 
comprised the separators 1 and 2 and the power generation element MEA, laminates such 
about 200 single cell C, and is constituted. The separators 1 and 2 have channel P^ for 

leading channel P^ which leads the gas of fuel gas and oxidizing gas to the inside of power 

ri 

generation element MEA, P^, and cooling water to the power generation element MEA, and 

cooling this while dividing fuel gas, oxidizing gas, and a refrigerant. On the other hand, the 
power generation element MEA has the composition that oxygen pole E^ (cathode pole) and 



http://ww4.ipdLinpit.gojp/cgi-bin/tran_web_cgi_ejje?atw_u=http°^^ 10/16/2009 



JP,2001-357861,A [DETAILED DESCRIPTION] Page 2 of 34 



hydrogen pole (anode pole) were provided on both sides of the electrolyte membrane M, 
and the diffusion zone D by the side of oxygen pole and the diffusion zone D by the side of 
hydrogen pole were established respectively. 

[0004]Generally the perphloro carbon sulfonic acid film which is solid polymer membrane, for 
example, proton exchange membrane, as the electrolyte membrane M is used. This electrolyte 
membrane M has many proton exchange groups in a solid polymer, by carrying out saturation 
water, at ordinary temperature, shows the low specific resistance below 20 ohm/cm proton, 
and functions as a proton conductive electrolyte. Thus, since solid polymer membrane is used, 
the fuel cell FC is called the polymer electrolyte fuel cell. The catalyst included in oxygen pole 
Eq is a catalyst which generates oxygen ion from oxygen, and the catalyst included in 

hydrogen pole E^, is a catalyst which generates a proton from hydrogen. 

[0005]Oxygen pole side gas-passageway which carries out conduction of the supply air as 

oxidant gas at oxygen pole E^ is provided in the outside of oxygen pole E^, and hydrogen 

pole side gas-passageway which carries out conduction of the water supply matter as 

fuel gas to the outside of hydrogen pole at hydrogen pole E^^ is provided. The entrance and 

exit of oxygen pole side gas-passageway are connected to the air feeder which is not 

illustrated, and the entrance and exit of hydrogen pole side gas-passageway are connected 

to the hydrogen supply system which is not illustrated. 

[0006]The diffusion zone D contacts channel P^ of the surface of the separators 1 and 2, and 
Pq, and is established, and it has a function to which an electron is made to transmit between 
electrode E^ and the separator 2, and the function to diffuse fuel gas and oxidizing gas 
respectively. 

Generally it is formed by carbon fiber. 

The separators 1 and 2 are formed from the material of a carbon system. 

And while having a function which divides fuel gas, oxidizing gas, and a refrigerant, it has said 

channel P^, P^, and P,^„ and has an electron transport function. 

HOW 

If conduction of the supply air is carried out to oxygen pole side gas-passageway P^ and water 
supply matter is supplied to hydrogen pole side gas-passageway P^^, this fuel cell FC, 
Hydrogen ionizes by a catalysis by hydrogen pole E^, a proton generates, and the generated 
proton moves in the inside of the electrolyte membrane M, and reaches oxygen pole E^. And 
under existence of a catalyst, the proton which reached oxygen pole E^ reacts to the oxygen 
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ion generated from oxygen of the supply air promptly, and generates water. The supply air 
containing the water and intact oxygen which were generated is discharged as discharged air 
from the exit by the side of the oxygen pole of the fuel cell FC (discharged air contains a lot of 

moisture). In hydrogen pole E^^, when hydrogen ionizes, electronic e ' generates, but this 

generated electronic e " has the composition of reaching oxygen pole via external loads, 
such as a motor. 

[0007]Although the fuel cell FC of such composition supplies fuel gas, oxidizing gas, and a 
refrigerant to each single cell C through channel which became independent respectively, 

Pq, and P^, in order to divide each of these systems airtightly, it becomes important [ the 

sealing technology which gives seal ]. Although the sealing part which gives seal 

changes somewhat with structures of the fuel cell FC, For example, in the case of the fuel cell 
shown in drawing 1 and drawing 2 , In order to cool the surrounding portion of the 
interconnecting opening which penetrated and formed the fuel cell FC in order to supply fuel 
gas, humidifying water, and a refrigerant to each single cell C, the periphery of the power 
generation element MEA, and a separator surface, a periphery of a refrigerant passage side, a 
periphery of the rear surface of the separators 1 and 2, etc. which are passed along a 
separator surface are mentioned. 

[0008]As sealing technology for carrying out a seal, airtightly such a part conventionally, The 
sheet shaped or O ring shape which comprises organic rubbers, such as a fluorine system and 
a silicone series. Compression lamination was carried out using adhesion hardening type 
liquefied hardening die materials etc., the sealing technology and black lead which give a seal 
according to the repulsive force of rubber, other ceramic system fibrous sheets, etc. were 
compressed, and the sealing technology by mechanical seal, such as sealing technology, a 
caulking, etc. which carry out a seal in the state of strangling to death, has been used. 
[0009]ln the case where it carries in the case where the fuel cell FC is carried, for example, a 
car, etc. here. Since the limited size is required and sheet metal-ization of each single cell C 
which constitutes especially the fuel cell FC is demanded, the fuel cell FC serves as a point 
with how important the power generation element MEA and the separators 1 and 2 are made 
thin. Therefore, since it mainly comprises a weak material of a carbon system, if this is 
constituted thinly, in the time of lamination, etc., it will become easy to destroy especially the 
separator 1 and 2 grades, as for, seal q^ is carrying out direct contact. Therefore, when giving 

seal q, in such a fuel cell FC with which a miniaturization is demanded in comparison, the 

^1 

actual condition is having given seal q^ using a sealant with moderate repulsive force with soft 
organic rubber etc. The sealing compound which gives seal q . to single cell C of a fuel cell is 
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recently developed (W099/53559 reference). According to this gazette, it comprises 
predetermined addition condensation nature oligomer, and the hardening agent and 
hydrosilylation reaction catalyst which have at least two or more hydrogen atoms combined 
with the silicon atom. 
[00101 

[Problem(s) to be Solved by the Invention] However, when a seal was given to the single cell of 
a fuel cell using such conventional sealing technology, it had the following problems, 
(1) Since various refrigerants are flowing in the cooling unit, although the endurance which 
divides a severe atmosphere of such versatility is required, a seal the atmosphere in the fuel 
cell FC under operation will not only be in a high temperature state and a strong acid state by a 
power generation part etc., but, Even if it gave the seal using the conventional adhesives, it 
was difficult to secure prolonged endurance (even if organic rubber was made to intervene or it 
fornied the seal with adhesives), and it was difficult to secure prolonged endurance to such 
atmosphere especially only with the adhesive property of the seal by a sealing compound. 
Therefore, to make almost uniform planar pressure at the time of lamination of single cell C, to 
reduce sealing nature reservation and the stress difference to the separator 1 , and to attain un- 
destroying-ization is desired. 

[001 1](2) In the fuel cell FC constituted by laminating the separators 1 and 2 and the power 
generation element MEA, When making the usual thermosetting adhesive intervene and 
forming a seal according to heat curing between laminations with the separators 1 and 2 and 
the power generation element MEA, the heat-hardened type fluid-sealant agent for polymer 
electrolyte fuel cells, the power generation element MEA, and the separator 1 will be put under 
the same heated atmosphere, but. If put to the temperature to which it exceeded this since 
especially the electrolyte membrane M of the power generation element MEA had a 
temperature as low as 75-1 10 ** to which a kinetic viscosity elastic coefficient falls for a long 
time, the electrolyte membrane M will carry out creep and mechanical tolerance will fall. 
Therefore, in heat-hardening the heat-hardened type fluid-sealant agent for polymer electrolyte 
fuel cells, to be low temperature as much as possible, and to heat-harden for a short time is 
desired. Although the sealing compound of a fluoro-resin system which can be used, for 
example under the atmosphere of an elevated temperature, highly humid, and strong acid is 
mentioned as a typical sealing compound currently most generally used, the curing 
temperature of this sealing compound is not less than about 150 **. If this is only stiffened 
below at a regular temperature as indicated to said W099/53559, the endurance of a seal will 
fall. Then, while developing the sealing compound which can give sufficient endurance for seal 
obtained without degrading the electrolyte membrane M, development of the method of 

giving the sealing compound which has endurance of enough in single cell C is desired. 
[0012](3) In the fuel cell FC constituted by laminating the separator 1 and the power generation 
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element MEA, When seal is made to Intervene between laminations with the separator 1 

and the power generation element MEA, variation arises in a seal gap by the variation in the 
thickness of the power generation element MEA, and a stress difference occurs in the portion 
which the separators 1 and 2 and seal contact from the variation in each seal gap in a 

laminating condition. As for the separator which mixed and fabricated 15 to 30% of resin to the 
separator and carbon powder which cut calcination black lead to this stress difference, since 
bending failure stress is easy to be destroyed small, the separators 1 and 2 are easy to be 
destroyed at the time of lamination conclusion. For this reason, offer of the method of applying 
the seal which a stress difference does not generate easily to the variation in a seal gap was 
desired. 

[00131(4) Heat setting nature and seal stress (as opposed to a carbon system separator) 
change with hardness of seal q^ after hardening. That is, since the rising degree [ as opposed 

to / / with hardness low in comparison / seal q^, ^.^^ cross-nnking is low as a material / to heat / a 

compression amount in setting or a cone ] of reaction force is also small, the stress difference between seal in 

the laminating condition of single cell C is made small, on the other hand, while It can be comparatively alike and 
seal with high hardness can make heat setting nature small conversely, the degree of a rise of reaction force 

to a compression amount becomes high, and the stress difference between the seals in the laminating condition 
of a single cell becomes large. Therefore, after a sealing compound hardens, to provide the manufacturing 
method of the fuel cell FC using the sealing compound and the starting sealing compound for the polymer 
electrolyte fuel cells which have the hardness which these balance of character that carries out antimony was 
able to take is desired. 

[0014](5) When abnormalities, such as degradation of seal q^, occurred and the leakage of the gas from single 

cell 0 furthermore occurred, the fuel cell needed to be reproduced promptly, but reproduction of such a fuel cell 
had taken a remarkable labor and time. Therefore, under the operating environment of a fuel cell, seal q^ with 

high endurance was given, and there was a demand to the method of reproducing a fuel cell easily. 
[0015]Therefore, SUBJECT of this invention is developing the liquefied sealing compound [ it is possible to cancel 
the fault of conventional technology and to form a uniform seal with the degree of low temperature comparatively, 
and ] which can maintain prolonged endurance under the atmosphere of a fuel cell on the formed seal. Another 
SUBJECT of this invention is providing the fuel cell produced by laminating a single cell, a manufacturing method 
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for the same, and this single cell of a fuel cell with high endurance using such a sealing compound. Another 
SUBJECT of this invention is providing the regeneration method of the fuel cell which can reproduce a fuel cell 
easily, when abnormalities, such as degradation of the seal in a fuel cell, occur. 
[0016] 

[Means for Solving the Problem] In a heat-hardened type fluid-sealant agent for polymer electrolyte fuel cells 
which laminates a separator and a power generation element, a heat-hardened type fluid-sealant agent for 
polymer electrolyte fuel cells concerning this invention which solves an aforementioned problem is characterized 
by viscosity at the time of spreading being 1000 - 9000 Pa-s (claim 1). 

[0017]lf constituted in this way. it is possible to make almost unifomn planar pressure at the time of laminating a 
separator and a power generation element which constitute a fuel cell, and sealing nature high reservation and a 
seal of a uniform size can be fomned. Therefore, a heat-hardened type fluid-sealant agent for polymer electrolyte 
fuel cells constituted by doing in this way becomes possible [ forming a seal with high endurance also under a 
severe condition of an elevated temperature, highly humid, and strong acid ]. 

[0018]ln a heat-hardened type fluid-sealant agent for polymer electrolyte fuel cells concerning this invention, a 
temperature requirement of curing conditions of said heat-hardened type fluid-sealant agent for polymer 
electrolyte fuel cells at 100-130 **. And the temperature controlling range is **5 ** in preset temperature in said 
temperature requirement (claim 2). and the temperature controlling range of curing conditions of said heat- 
hardened type fluid-sealant agent for polymer electrolyte fuel cells is characterized by 120 ** being **5 ** still 
more preferably (claim 3). Without making it harden under heat atmosphere which degrades an electrolyte 
membrane which constitutes a polymer electrolyte fuel cell, when constituted in this way. there is little heat setting 
nature and it becomes possible to form a seal excellent in endurance. 

[0019]ln a heat-hardened type fluid-sealant agent for polymer electrolyte fuel cells concerning this invention, it is 
preferred that hardness after hardening of said heat-hardened type fluid-sealant agent for polymer electrolyte fuel 
cells is 30-70 degrees in durometer hardness test shoreA specified by J IS K 6253 (claim 4). Since initial height of 
a seal will follow in footsteps of thickness of each power generation element when these are concluded since a 
sealing compound is made to heat-harden after a separator, a power generation element, and separators had 
contacted if constituted in this way, a seal stress difference by thickness variation of a power generation element 
is suppressed very low. 
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[0020]ln a heat-hardened type fluid-sealant agent for polymer electrolyte fuel cells concerning this invention, it is 
preferred that said heat-hardened type fluid-sealant agent for polymer electrolyte fuel cells uses a silicone series 
elastomer, a fluorinated elastomer, or an isobutylene system elastomer as a substrate. (Claim 5) Generally a 
silicone series elastomer, a fluorinated elastomer, or an isobutylene system elastomer is conventionally used as a 
heat-hardened type sealing compound, and is easy to receive. If it is in this invention, it becomes possible by 
using such a material to provide cheaply and easily a heat-hardened type fluid-sealant agent for polymer 
electrolyte fuel cells concerning this invention. 

[0021]A single cell for polymer electrolyte fuel cells of this invention for solving said SUBJECT. It is a single cell 
for polymer electrolyte fuel cells which laminates a separator and a power generation element and closes 
airtightly between said separator and said power generation elements with a seal, It is characterized by giving a 
seal which heat-hardened and was formed between said separator and a power generation element in a heat- 
hardened type fluid-sealant agent for polymer electrolyte fuel cells concerning this invention (claim 6). When 
constituted in this way, a single cell for polymer electrolyte fuel cells with which there is no degradation of an 
electrolyte membrane which constitutes a polymer electrolyte fuel cell, and a seal with dramatically high 
endurance was formed is provided. A seal stress difference is able to provide few single cells to variation in a seal 
gap. When laminating a single cell concerning this invention, there are few possibilities that a separator will be 
destroyed, since it has the seal which was able to balance heat setting nature and tolerance over breakage by 
bending stress, endurance is markedly alike and increases. 

[0022]A manufacturing method of a single cell for polymer electrolyte fuel cells of this invention for solving said 
SUBJECT, It is a manufacturing method of a single cell for polymer electrolyte fuel cells which laminates a 
separator and a power generation element and closes airtightly between said separator and said power 
generation elements with a seal. The following processes : a heat-hardened type fluid-sealant agent for polymer 
electrolyte fuel cells of a statement in any 1 paragraph of claim 1 to claim 5 between said separator and said 
power generation element, A process applied at spreading speed of a range by which preliminary setting out was 
earned out according to width and height of viscosity of said heat-hardened type fluid-sealant agent for polymer 
electrolyte fuel cells, application pressure, and a seal to form. And it is characterized by including a process which 
stiffens said heat-hardened type fluid-sealant agent for polymer electrolyte fuel cells by processing time by which 
is a 100-130 ** temperature requirement, and preliminary setting out was carried out (claim 7). 
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[0023]when constituted in this way, without it makes it harden under heat atmosphere which degrades an 
electrolyte membrane which constitutes a polymer electrolyte fuel cell - a single cell ~ a seal with dramatically 
high endurance -- productivity - it becomes possible to form highly. When a single cell manufactured by doing in 
this way is laminated and a fuel cell is constituted, a possibility that a separator of a single cell will be destroyed 
becomes small. 

[0024]lt Is characterized by a polymer electrolyte fuel cell conceming this invention for solving said SUBJECT 
having carried out the plural laminates of said single cell, and constituting it (claim 8). When constituted in this 
way. a polymer electrolyte fuel cell with which there is no degradation of an electrolyte membrane which 
constitutes a polymer electrolyte fuel cell, and a seal with dramatically high endurance was fonmed is provided. 
[0025JA regeneration method of a polymer electrolyte fuel cell of this invention for solving said SUBJECT. In a 
polymer electrolyte fuel cell which carried out the plural laminates of the single cell which laminates a separator 
and a power generation element, and constituted it. It is a regeneration method of a polymer electrolyte fuel cell 
which reproduces said seal when abnormalities occur on a seal which closes said separator and said power 
generation element airtightly, A process of removing a single cell which has an abnormal seal, a process of 
removing an abnormal seal, A heat-hardened type fluid-sealant agent for polymer electrolyte fuel cells which 
starts said this invention between said separator and said power generation element, A process applied at 
spreading speed of a range by which preliminary setting out was carried out according to width and height of 
viscosity of said heat-hardened type fluid-sealant agent for polymer electrolyte fuel cells, application pressure, 
and a seal to form, And it is characterized by including a process which stiffens said heat-hardened type fluid- 
sealant agent for polymer electrolyte fuel cells by processing time by which is a 100-130 ** temperature 
requirement, and preliminary setting out was carried out (claim 9). 

[0026]Since it will become possible to fomri a seal with dramatically high endurance in a single cell easily, without 
making it harden under heat atmosphere which degrades an electrolyte membrane which constitutes a polymer 
electrolyte fuel cell if constituted in this way. A seal which abnormalities generated is exchanged for a seal with 
high endurance, and it becomes possible to reproduce as a fuel cell with high endurance. 
[0027] 

[Embodiment of the lnvention]Hereafter, an embodiment of the invention is described according to an 
accompanying drawing. However, this invention is not limited to these embodiments. Drawing 1 is a sectional 
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view showing the outline of the single cell which constitutes a fuel cell, and drawing 2 is a perspective view of the 
fuel cell body which laminated the single cell. The fuel cell FC consists of single cell C which comprised the 
separators 1 and 2 and the power generation element MEA, laminates such about 200 single cell C, and is 
constituted as shown in drawing 1 and drawing 2 . And in order that the fuel cell FC may supply fuel gas. oxidizing 
gas, and a refrigerant to each single cell C through channel which became independent respectively. P.., and 

P^, in order to divide each system of these airtightly, seal is given. The surrounding portion of the 

interconnecting opening which penetrated and formed the fuel cell FC in order that seal might supply fuel gas, 

oxidizing gas. and a refrigerant to each single cell C, In order to cool the periphery of the power generation 
element MEA, and a separator surface, it is provided in the refrigerant passage side periphery passed along a 
separator surface, the periphery of the rear surface of the separators 1 and 2. etc. 

[0028]The endurance which divides various gases airtightly under a severe atmosphere into which various 
refrigerants in the high temperature state, strong acid state, and cooling unit in the power generation part [ seal / 
this ] in the fuel cell FC. etc. are flowing is required. Bending failure stress, such as mold carbon which mixed and 
fabricated resin of 15 - 30 mass % to the separator and carbon powder which cut calcination carbon, is small, 
Therefore, the sealing technology which can respond to the separator which was made from the separator which 
is easy to destroy in expanded graphite or a metal base, and which cannot carry out bending failure easily is 
demanded. The first gestalt of this invention is related with the heat-hardened type fluid-sealant agent for polymer 
electrolyte fuel cells for forming the seal with which a gas is divided with sufficient endurance under such a severe 
atmosphere (henceforth a "fluid-sealant agent"). 

[0029](Fluid-sealant agent) The fluid-sealant agent conceming this invention. The silicone series elastomer 
currently generally used for the conventional fluid-sealant material for fuel cells as a substrate, The fluorinated 
elastomer or the isobutylene system elastomer (for example, polylsobutylene system elastomer) is included. The 
viscosity at the time of spreading (viscosity before hardening) is a constituent of a fluid at the ordinary 
temperature which is 1000 - 9000 Pa-s, and it hardens with heat or a steam. 

[0030](Viscosity of a fluid-sealant agent) If achievement of this viscosity range is possible for the fluid-sealant 
agent concerning this invention, it can consider that presentation as the same presentation as publicly known 
thermosetting adhesive conventionally. That is, since seal q^ of the shape considered as a request that shape 
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collapses easily that the viscosity at the time of spreading of the fluid-sealant agent concerning this invention is 
less than 1000 Pa-s after spreading or hardening cannot be obtained, it is not desirable. Conversely, unless the 
dischargeability at the time of applying the fluid-sealant agent concerning this invention if this viscosity exceeds 
9000 Pa-s worsens and makes spreading speed a low speed extremely, it is difTicult to apply in desired shape, 
and since productivity falls remarkably, it is not desirable. This viscosity range is acquired by evaluation of the 
spreading nature of the sealing compound by the after-mentioned Example 1 . Therefore, as for the sealing 
compound concerning this invention, it is indispensable to have the viscosity of 1000 which Is within the limits 
which can maintain the shape considered as a request after spreading and hardening - 9000 Pa-s. 
[0031](Heat-curing conditions of a fluid-sealant agent) The sealing compound concerning this invention which has 
such a viscosity range forms seal q^ in a polymer electrolyte fuel cell by heat-hardening under specific 

temperature controlling and heat-hardening under a predetermined condition. Namely, the part which applies seal 
q^ which shows drawing 1 t he sealing compound concerning this invention according to heat curing, Namely, the 

sun-ounding portion of the Interconnecting opening which penetrated and formed the fuel cell 1 In order to supply 
humidifying water and a refrigerant to each single cell C, In order to cool the periphery of the power generation 
element MEA, and a separator surface, a seal is formed in the refrigerant passage side periphery passed along a 
separator surface, the periphery of the rear surface of the separators 1 and 2, etc., but. 100-130 ** of temperature 
[ 110 ** - 130 ** of ] of the heat-curing conditions in this case is 120 ** **5 ** most preferably. It is convenient 
when the temperature controlling range Is made Into the preset temperature of **5 ** in the temperature 
requirement of said heat-curing conditions. Since the electrolyte membrane M will carry out creep if elevated- 
temperature durable sufficient setting-proof nature carried out to the temperature of said heat-curing conditions 
being less than 100 ** with a request Is not obtained but It exceeds 130 ** conversely, it is not desirable. 
[0032]That is, it is preferred that curing temperature is low temperature as much as possible as the curing 
conditions of the fluid-sealant agent conceming this Invention take the creep of the electrolyte membrane M Into 
consideration, and it is preferred about cure time that it is less than 5 hours in consideration of productivity. When 
using the fluid-sealant agent concerning this invention as usual adhesives, curing conditions of about 1 hour are 
common at 150 **. In this Invention, as shown In Example 2 which carries out a postscript, the amount of setting 
in the elevated-temperature durability test on such curing conditions was measured, and the optimal curing 
conditions were set up. As a result, when 4 hours and the fluid-sealant agent respectively applied to this invention 
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over 5 hours were stiffened at 1 10 **. it found out experimentally that it was the amount of setting equivalent to 
the case where it is made to harden over 1 hour at 150 **. Subsequently, with the curing temperature of 1 15 **, 
120 **, and a 125 ** 5 ** unit, 1 hour. 2 hours, 3 hours, 4 hours, and when it hardened over 5 hours, on curing 
conditions of 3 hours, it turned out at 1 15 ** that it is the amount of setting equivalent to curing conditions of 1 
hour at 150 **. Subsequently, when the equivalent examination was done according to curing conditions of 2.5 
hours and 2.75 hours at 1 15 **, as compared with the case of 3 hours, a good result was not able to be obtained 
at 1 15 **. Therefore, since the variation in the oven temperature for hardening was **5 **, it was determined with 
120 ** the curing temperature of **5 ** that curing conditions of 3 hours were an optimal condition as for which the 
amount of setting of seal q^ and the damage of the electrolyte membrane MEA are made to the minimum. It is 

possible to find out similarly through such an experiment process about the optimal curing conditions of the fluid- 
sealant agent of a different presentation which is within the limits of this invention. 

[0033]Thus, although seal q^ is formed between the separators 1 and 2 and the power generation element MEA 

by heat-hardening the fluid-sealant agent conceming this invention, Although the seal stress difference arose in 
the conventional technology which used the solid seal of the constant dimension for the variation in the thickness 
of the power generation element MEA and it had become a cause of separator destruction. The seal which the 
fluid-sealant agent conceming this invention was made to heat-harden, and was formed. Are in the state which 
applied the liquefied sealing compound to the seal gap, and laminated it, namely, the separator 1 , the power 
generation element MEA, and the separator 2 in the state where it contacted mutually. Since a fluid-sealant agent 
is made to heat-harden and the Initial height of seal q^ follows in footsteps of thickness of each power generation 

element MEA when these are concluded, the seal stress difference by the thickness variation of the power 
generation element MEA is suppressed very low. Therefore, the fluid-sealant agent concerning this invention has 
small bending failure stress, such as mold carbon which mixed and fabricated resin of 15 - 30 mass % to the 
separator and carbon powder which cut calcination carbon and were produced. Therefore, it is applicable in the 
range broad to the separator which was made from the separator which is easy to destroy in expanded graphite 
or a metal base and which cannot carry out bending failure easily (refer to Example 3 which carries out a 
postscript). 

[0034](Hardness after hardening of a fluid-sealant agent) Although desired seal q^ is formed in the prescribed 
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position of the fuel cells FC between the separators 1 and 2 and the power generation element MEA etc. by 
hardening the fluid-sealant agent concerning this invention by the aforementioned predetermined condition, It is 
preferred that the range of the hardness of seal in that case is 30-70 degrees in durometer hardness test 

shoreA specified by JIS K 6253. That is. the hardness of the seal after hardening participates in the seal stress to 
heat setting nature and the carbon system separator 1. Since the seal with comparatively low hardness has low 
crosslinking density, since the rising degree [ as opposed to a compression amount in setting or a cone ] of 
reaction force is small, it can do small the stress difference between the seals in the laminating condition of the 
separators 1 and 2 and the power generation element MEA to heat. On the other hand, the seal with hardness 
high in comparison shows high heat-resistant setting nature, although the rising degree of reaction force to a 
compression amount becomes large. The hardness of the seal formed after heat curing in this invention in 
consideration of these characteristics was specified. 

[0035]Since planar pressure is larger than the diffusion-zone material which compressed the same quantity, the 
seal which exceeds 70 degrees by durometer hardness test shoreA conversely undesirably since endurance is 
insufficient in the hardness measured by durometer hardness test shoreA being 30 degrees or less is not 
preferred. That is. since the fluid-sealant agent concerning this invention is generated from the position as the 
diffusion zone D with same occun-ence position of planar pressure when it applies load from the hardening time 
which is no load condition, in proportion to a compression amount, the planar pressure of a seal and the diffusion 
zone D goes up respectively. At this time, since the assignment load of seal q^ is high in the case of sealing- 

surface-pressure > diffusion-zone planar pressure, initial sealing nature will receive load in the portion which the 
separators 1 and 2 of a high thing and seal q^ contact. As a result, the uniform load impression to the whole 

power generation element MEA surface becomes difficult, and load becomes especially difficult to be applied at 
the power generation element MEA end near seal q^ . Since the assignment loading rate of seal q^ in the case of 

sealing-surface-pressure <= diffusion-zone planar pressure becomes uniform on the other hand or the direction of 
the planar pressure of the diffusion zone D becomes high, unifomn load is applied all over power generation 
element MEA. As a result, the contact resistance between the separators 1 and 2 and the power generation 
element MEA and the dispersibility of gas become uniform, and power generation performance is stabilized and it 
becomes that it is hard to produce the curve distortion of the separators 1 and 2 at the time of stacking. Therefore, 
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since the hardness of a seal becomes larger than the planar pressure of said diffusion zone In the planar pressure 
of said seal, a not less than 70-degree thing does not have It. [ prefen-ed ] The hardness of the seal after heat 
curing can be attained by choosing suitably as the field of thermosetting adhesive conventionally the molecular 
structure of the ingredient which forms various publicly known additive agents, for example, a cross linking agent, 
and the structure of cross linkage. 

[0036]The manufacturing method of the single cell and fuel cell for polymer electrolyte fuel cells and the 
regeneration method of a fuel cell which start another embodiment of this invention next are explained. 
(Spreading of a fluid-sealant agent) the fluid-sealant agent which starts this invention first in the separators 1 and 
2 which constitute the polymer electrolyte fuel cell FC of this invention, and the prescribed spot which gives the 
seal of the power generation element MEA — predetermined application pressure — and it applies at a 
predetermined spreading speed (process 1). Although It will not be limited especially if the application pressure In 
this case is a pressure which can apply the fluid-sealant agent conceming this invention between the separators 1 
and 2 and the power generation element MEA, but it is suitably determined in consideration of the viscosity of the 
fluid-sealant agent conceming this invention, etc., generally It is the range of 300 - SOOkPa. The spreading speed 
in this case is said within the limits about the fluid-sealant agent conceming this invention which has 
predetermined viscosity, and when it fixes application pressure, it is the speed which performed beforehand the 
range which can apply a sealing compound uniformly by preliminary experiment, and determined it. 
[0Q37]That is, even If it applies the fluid-sealant agent conceming this invention with predetermined application 
pressure as shown in Example 1 which carries out a postscript, if spreading speed is not in a prescribed range, It 
is Impossible to form the seal which has the target size. If application pressure is set constant, the spreading 
speed region which becomes thickness within the limits made into the width made into the purpose and the 
purpose will be determined. If the size (width or height) of a seal is generally taken along a vertical axis and 
spreading speed is taken along a horizontal axis, a graph as shown in drawing 20 will be obtained. If it separates 
from this proper spreading speed range, the target seal will not be formed even if it uses the fluid-sealant agent 
which has the viscosity of this invention within the limits (refer to Table 2-4). 

[0038](Hardenlng of a fluid-sealant agent) The sealing compound concerning this invention applied by ranking 
second and doing in this way The curing conditions as aforementioned. That is, 1 10 ** - 130 **. and the 
temperature controlling range of those are **5 ** in preset temperature in said temperature requirement 
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preferably, and 100-130 ** of desired seals are formed by heat-hardening at 120 ** **5 ** most preferably 
(process 2). Thus, it becomes possible to form a seal with dramatically high endurance in single cell C, without 
making it harden under heat atmosphere which degrades the electrolyte membrane M. When single cell C 
manufactured by doing in this way is laminated and a fuel cell is constituted, a possibility that the separator of 
single cell C will be destroyed becomes small. 

[0039](Reproduction of a fuel ceil) It is possible to reproduce the fuel cell which abnormalities generated by 
exhaustion of seal q^, etc. using the still more nearly same method. Namely, the single cell which has an 

abnormal seal is removed (process 1), After removing an abnormal seal (process 2), the fluid-sealant agent 
concerning this invention is applied to the same process as the above (process 3), And it becomes possible to 
harden the fluid-sealant agent which starts this invention under a predetermined condition, and to give seal 

with high endurance between the separators (process 4) 1 and 2 and the power generation element MEA. The 
seal in this case may be a seal formed by hardening the fluid-sealant agent concerning this invention, or may be 
the existing seal. Thus, since it becomes possible to form easily seal q^ with dramatically high endurance in a 

single cell, without making it harden under heat atmosphere which degrades the electrolyte membrane M, The 
seal which abnormalities generated is exchanged for seal q^ with high endurance, and it becomes possible to 

reproduce as a fuel cell with high endurance. 
[0040] 

[Example]Below, this invention is explained in detail based on an example and a comparative example. This 
invention can be suitably changed, as long as it is not limited to these examples and based on the technical idea 
of this invention. Here the fluid-sealant agent concerning this invention "This invention sealing-compound q^", The 

seal which applied this this invention sealing-compound q^, stiffened by heat treatment, and was formed 'This 

Invention seal q^". The fluid-sealant agent of a comparative example is applied, the seal which stiffened by heat 

treatment and was formed is called "comparison seal q^"*, and width and height call the seal formed in the 

constant dimension "the solid seal r** beforehand. 
[0041][ExampIe 1] 

(Spreading nature evaluation of a fluid-sealant agent) First, in order to evaluate the spreading nature of various 
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fluid-sealant agents, As liquefied drugs for seal fomnation, each elastomer of a silicone series, a fluorine system, 
and a polyisobutylene system is used as the main ingredients. The heat-hardened type fluid-sealant agent which 
has the viscosity of 300 - 12000 Pa-s was applied on the test sample which comprises an aluminum plate, and 
the cross section size of the seal after heat curing was measured and evaluated. Said various fluid-sealant agents 
and spreading conditions are shown in Table 1 . 



[0042] 
[Table 1] 
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[0043]As shown in Table 1, on the test sample which comprises the aluminum plate which has 200 mm in length, 
50 mm in width, and a 3-mm-thick size with a nozzle with an inside diameter [ phi ] of 0.6 mm. 1-10 mm/sec in 
spreading speed, and application pressure ~ said various fluid-sealant agents were applied to linear shape 150 
mm in length as fixed 500 kPa. Let setting out of the inside diameter of an application nozzle be the conditions 
from which it is the hardest to breathe out and sectional shape of the breathed-out fluid-sealant agent cannot 
change easily by considering it as the minimum in the coater used here. Said various fluid-sealant agents were 
applied after defecating the surface of said test sample by an organic solvent etc. beforehand. Then, it heat- 
treated In the predetermined condition, said various fluid-sealant agents were stiffened, and height H as shown in 
drawing 3 , and approximate circle pillar-like this invention seal which has a section of the width W were 

fonmed. The width W is 0.6**0.1 mm, and height H of the target dimension of this invention seal formed in this 

way is 0.5**0.1 mm. And cross section size evaluation of this invention seal q^ and shape evaluation by viewing 

from right above were performed, and the spreading nature of said various fluid-sealant agents was synthetically 
evaluated from these evaluation results. The example and comparative example concerning this invention are 
respectively compared and shown in Table 2. Table 3, and Table 4 about the evaluation result of the spreading 
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nature of said various fluid-sealant agents. 

[0044] 

[Table 2] 
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[0045] 
[Table 3] 
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[0046] 
[Table 4] 
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[0047]As shown in Table 2, Table 3, and Table 4. In the fluid-sealant agent (No.8-10, 27, 28, 35, 36, 43-47) of the 
comparative example which it has, the viscosity besides the range specified by this invention among the fluid- 
sealant agents of a silicone series, a fluorine system, and a polyisobutylene system the cross section size after 
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heat curing, It has separated from the range of 0.6**0.1 mm of said target dimension, and is poor. 
[0048]Although it has the viscosity within the limits specified by this invention, although the cross section size after 
hardening has separated from said target dimension, in comparison seal q^' (comparative example No. 1 1-16, 29- 

34) to which spreading speed is not set appropriately, visual evaluation is good at O (success). Therefore, it is 
presumed by doubling spreading speed with the suitable range that it is possible to form this invention seal 

provided with desired shape and said target cross section size. 

[0049]lf it is in this invention seal q^ (No. 1-7, 20-26, 37-42) which, on the other hand, has the viscosity within the 

limits specified by this invention, and doubled spreading speed with the suitable range, It turns out that the cross 
section size after hardening is said target dimension, and visual evaluation also becomes O (good), and the 
overall evaluation has become O (success). It turned out that a satisfying seal can form this invention sealing- 
compound q^ which has the viscosity range specified by this invention from these results by applying on 

predetermined spreading conditions. 
[0050][Example 2] 

(Heat-curing temperature dependence of the physical endurance of this invention seal q^) Next, the physical 

deterioration promotion test of this invention seal q^ produced on various conditions was done. Namely, to this 

invention seal q^ which provided the level in curing temperature and cure time, and was produced from this 

invention sealing-compound q^ by the same method as said Example 1 on the cooking temperature at 90 **, and 

the conditions of cooking time 100 hours. The fixed load that the initial value of the compression amount of this 
invention seal q^ would be 25% was applied, degradation of physical condition was promoted, and the 

compression set (%) was measured after that. Here, the difference of seal height H^ before said test to height 

H . ^ ^ . X and seal height H . after said test carries out a compression set (%) 

Oof this Invention seal q^ before said test ^ 1 

comparatively, and it is computed from the fomriula of [{(H^-H^) /H^} xlOO]. One of the results obtained by using 
said various fluid-sealant agents for drawing 4 is shown. 

[005 11 Drawing 4 makes curing temperature three levels (100 **, 110 **, and 150 **). Said physical deterioration 
promotion test was performed about this invention seal q^ which produced cure time as two levels of 1 or 3 hours, 
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3 and 4. and three levels of 5 hours (when curing temperature is 100 ** or 1 10 **) (when curing temperature is 
150 **). and each compression set (%) was measured. The result is shown in drawing 4 . It turns out that the 
compression set (%) is changing from drawing 4 depending on curing temperature and cure time, and the 
compression set (%) is small, so that cure time is so long that curing temperature is high. Since as for this the 
chemical reaction of this invention sealing-compound advances more and hardening of this invention sealing- 

compound is further promoted so that cure time is so long that curing temperature is high, The crosslinking 

density of produced this invention seal q^ is considered that it becomes large and the compression set (%) by 

said physical deterioration promotion test becomes small. When curing temperature is 150 **, cure time of a 
compression set (%) is more equivalent than drawing 4 in 1 hour and 3 hours. 

It is thought that curing temperature will be 150 ** from this, and cure time is [ the crosslinking density of this 
invention seal q^ ] mostly saturated in about 1 hour. 

Said curing temperature is 150 ** or less, in view of the viewpoint which suppresses chemical degradation of said 
various fluid-sealant agents. Therefore, as for said curing temperature, it is preferred that it is 150 ** or less. 
[0052] Judging from the viewpoint which controls chemical degradation of said result and this invention seal q^ . 

Although it is thought that this invention seal q^ which made the compression set lower and was excellent in 

physical endurance by curing temperature's being 150 **. making cure time into 1 hour, and stiffening this 
invention sealing-compound q^ is producible. From the standpoint which suppresses lower the themnal effect to 

the electrolyte membrane which is the members forming of a fuel cell, it is required that the upper limit of said 
curing temperature should be further made suitable. 

[00531 Drawing 5 performed the result of the physical deterioration promotion test similariy using this invention 
seal q^ which set up still more finely the level of the curing temperature of said various fluid-sealant agents, and 

produced it. The result is shown in drawing 5 . It turns out that a compression set (%) changes from drawing 5 like 
the result shown in drawing 4 depending on curing temperature and cure time, and the compression set (%) is 
small, so that cure time is so long that temperature is high. 

[0054]This invention persons considered physical endurance maintenance and the thermal effect to the 
electrolyte membrane separately for a long period of time [ of this invention seal q^ ]. As a result, since the 
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reaction velocity of said various fluid-sealant agents would fall and crosslinking density would become small 
notably if said curing temperature becomes lower than 100 in this invention seal produced with such curing 

temperature, It became clear that it became easy to produce physical deterioration. That is, as for said curing 
temperature, it is desirable that it is not less than 100 The electrolyte membrane in which this invention seal 

is provided is a temperature higher than 130 **, and since it becomes easy to receive the damage more than 
permission, said curing temperature needs to be 130 or less. If the compression set (%) of this invention seal 
q^ Is about 45 to 60%, it comes out enough and Its thing of a certain is dear. From the above result, this invention 

seal q^ was understood that it is preferred to stiffen this invention sealing-compound q^ at 1 15**15 **, and to 

make It form. 
[0055][Example 3] 

(Control of breakage of the separator by relaxation of the variation in the thickness of the diffusion zone D) The 
separators 1 and 2 as shown in drawing 1 , In the fuel cell FC containing the diffusion zone D, the power 
generation element MEA, and stack structure ST that laminates the electrolyte membrane M etc.. When making 
this invention seal q^ intervene between the separators 1 and 2 and the electrolyte membrane M, by the variation 

in the thickness of the diffusion zone D. Variation (henceforth "gap variation") arises in the gap of the separator 1 
and the separator 2, and stress occurs in this invention seal q^ formed between the separator 1 and the separator 

2, q^ , q^ , and q^ . In order to ease this stress, it is necessary for this invention seal q^ to have the height which 

doubled said gap and the interference of this invention seal q^. However, if said gap variation becomes 

excessive, when concluding stack structure ST. the planar pressure difference between this invention seal q^ 

provided in each separator contained in stack structure ST will become remarkable. 

[0056]The planar pressure difference between this invention seal q^ produced by such gap variation makes the 

separator 1 and 2 grades in which this invention seal q^ is provided generate bending stress. And the separator 

which cut and formed calcination black lead, for example, the mold carbon separator which mixed and fabricated 
15 to 30% of resin to carbon complications, etc. In the member whose bending failure stress of (calling it a 
"carbon separator" hereafter) is comparatively small, when concluding stack structure ST, it is easy to produce 
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bending failure with said bending stress. When using such a carbon separator, the figure which expressed 
typically the mechanism which produces the bending failure of a carbon separator is shown in drawing 6 and 
drawing 7 . 

fQ057] Drawing 6 is what showed the principal part of stack structure ST shown in drawing 1 , and shows stack 
structure ST which comprises the electrolyte membrane M, M, and M, the diffusion zone D1, D2 and D3, and the 
seals 21. 22. and 23. [the carbon separators 1 1 . 12, 13, and 14, ] In drawing 6 , variation has arisen also in the 
height HI of the seals 21, 22. and 23, H2, and H3 according to the variation in the thickness T1 of the diffusion 
zone D1 . D2. and D3. 72, and 13 (referred to as T3>T1>T2). Peculiar internal stress exists in the carbon 
separators 11, 12. 13, and 14 by histories, such as the characteristic of material, and heat. Curvature may occur 
in at least one of the carbon separators 1 1 , 12. 13, and 14 according to the power relationship of said internal 
stress between the carbon separators 11.12. and 13 and 14. or said Internal stress amplified thermally. 
[0058]As shown in drawing 6 , the case where curvature occurs In the carbon separator 1 1 is considered. 
Comparatively high compression stress acts on the seal 21 in contact with the carbon separator 11 first by this 

curvature. And this compression stress is spread from the seal 21 one by one to the carbon separator 12, the 

seal 22, the separator 13, the seal 23 and the separator 14, and --. At this time, comparatively small compression 
stress occurs with the seal 23 which has the comparatively big height H3. The stress difference (^^"^3=^2^ 

which comprises the difference of F^ and F^ in such a situation to the seal 22 pinched with the seal 21 and the 

seal 23 acts. When this stress difference F^ exceeds the bending failure stress of the carbon separator 12 or 13, 

breakage of the carbon separator 12 or 13 will arise. When width and height use the solid seal of a constant 
dimension as a seal especially. Since the thickness T1 of the diffusion zone D1, D2. and D3, T2. and the planar 
pressure difference between the seals 21, 22, and 23 produced by the variation in T3 (T3>T1>T2) cannot be 
eased, it Is easy to produce breakage of the separator produced according to such a mechanism. 
[0059]lf this invention seal concerning this Invention is used for the seals 21, 22. and 23 to it. the thickness T1 

of the diffusion zone D1, D2, and D3, T2, and the planar pressure difference between the seals 21 . 22, and 23 
produced by the variation in T3 (T3>T1>T2) can fully be eased. It becomes possible to deter breakage of the 
separators 12 and 13. Namely, this invention seallng-compound is applied to the prescribed position of the 

cari^on separators 1 1 . 12. 1 3. and 14, If the carbon separators 1 1 , 1 2, 1 3, and 14 are concluded after making this 
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this invention seaiing-compound heat-harden after the carbon separators 11, 12, 13, and 14 and the diffusion 

zone D have contacted and forming this invention seal q^, Moderate interference occurs on the seals 21, 22, and 

23, and the height of the seals 21, 22, and 23 follows in footsteps suitable for the thickness of the diffusion zone 
D1, D2, and D3. Therefore, as described above, comparatively high compression stress acts on the seal 21 by 

the curvature of the separator 1 1 , Even when comparatively low compression stress acts on the seal 23 and 

stress difference of compression stress F^ and compression stress F^ acts on the seal 22, It becomes 

possible to become possible to stop the size of stress difference F2 low enough, and to fully deter breakage of the 

carbon separator 12 or 13. 

ft 

[0060]On the other hand, drawing 7 instead of the carbon separators 1 1 , 12, 13. and 14 shown in drawing 6 , The 
separator which uses expanded graphite and metal as a base and is provided with comparatively high bending 
failure stress. (It is hereafter called a "metal separator") The principal part of stack structure ST2 which is 
equipped with 110, 120, 130, and 140, and width and height equip with the solid seals 210. 220, and 230 of a 
constant dimension as a seal is shown. 

[0061] Drawing 7 shows the state where variation has arisen also in the height H10 of the seals 210, 220, and 
230, H20, and H30 corresponding to the variation in the thickness T10 of the diffusion zone D10, D20, and D30, 
T20, and T30 (referred to as T30>T10>T20) (H30>H10>H20). And the case where the curvature of a metal 
separator occurs according to the power relationship of the peculiar internal stress which the metal separators 
110, 120, 130, and 140 have, or the internal stress by which this peculiar internal stress was amplified thermally is 
considered. By the variation in the height of the seals 210, 220, and 230 (H30>H10>H20). Comparatively high 
compression stress F^^ acts on the seal 210, and comparatively low compression stress F^^ acts on the seal 

230, Even if stress difference F^q of compression stress F^^ and compression stress F^^ acts on the seal 220 as 

the result, it is thought that they do not produce breakage of the metal separator 120 or 130 easily since the metal 
separators 110, 120, 130, and 140 are provided with comparatively high bending failure stress. 
[0062]ln next this invention persons applying this invention sealing-compound q^ to said stack structure 

containing both power generation elements MEA which has a comparatively big diffusion zone of the separator 
which comprises the construction material which bending failure stress is easy to be destroyed comparatively 
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small, and thickness variation, The bending failure stress of said separator, and the size of the thickness variation 
of the power generation element MEA (the difference of maximum thickness and minimum thickness: hereafter) It 
received only calling it a "range" and the design manual of this invention seal which cannot make said 

separator able to produce destruction and can fully demonstrate expected performance was examined. 
[0063]First, the separator whose bending failure stress is 80 or less MPa and which is comparatively easy to be 
destroyed, and the range of thickness are **0.075 mm, and thickness variation examined this invention sealing- 
compound applicable to the stack structure containing the comparatively large power generation element 

MEA. Planar pressure when various fluid-sealant agents were used to the variation In the thickness of the power 
generation element MEA was measured using the planar pressure measuring device OP of a seal as shown in 
drawing 8 . Measurement of planar pressure when a solid sealing member is used was also performed as a 
comparative example. 

[0064]The electrolyte membrane M which has this invention seal q^ which drawing 8 shows the principal part of 

the planar pressure measuring device OP, and applied this invention seallng-compound q^ directly, and stiffened 

it Or the electrolyte membrane M to which the solid seal r beforehand formed in the solid state of a constant 
dimension was made to adhere is pinched with the jig SJ made from SUS, and the planar pressure which acts on 
this invention seal q^ and solid seal r of each is measured. In order to Investigate the influence of the variation in 

the thickness of the power generation element MEA contained in said stack structure, the electrolyte membrane 
M which has this invention seal q^ for the spacer p which has the thickness equivalent to the sum of the thickness 

of each electrolyte membrane M to which the electrolyte membrane M which has this invention seal q^, and the 

solid seal r were made to adhere, and the thickness of a diffusion zone. A total of two per every sheet can be 
stuck on each both sides of the electrolyte membrane M to which the solid seal r was made to adhere, and the 
gap variation of said stack structure can be suitably set up now. And after equipping the jig SJ made from said 
SUS with the electrolyte membrane M to which the electrolyte membrane M which has said this Invention seal q^, 

and the solid seal r were made to adhere, Each of the electrolyte membrane M to which the electrolyte membrane 
M which removes said spacer p of two sheets and has said this invention seal q^ succeedingly, and the solid seal 

r were made to adhere. Make a planar pressure sensor (graphic display abbreviation) intervene between this 
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invention seal or the solid seal r, apply predetermined power to the jig SJ made from said SUS, and this 

invention seal or the solid seal r is compressed. Near this invention seal of one of the two and the planar 

pressure to each compression amount of the solid seal r were measured. And the planar pressure F that the 
compression amount of the diffusion zone of one side was set to 0.05 mm was made to act. and it compared. The 
composition of this invention seal q^ and the solid seal r which were used here, and the power generation 

element MEA is shown in Table 5. 
[0065] 



[Table 5] 

















i|i (mm) : 3.46 ^.69 
iB($ (mm) : 1.2 . 1.126 
»t® (mm) : 2^ (^-;v?!f 


4S (mm) : 8.6 
(mm) : IJS 


® ^ i& 
1) 


iBH^ (mm) : 0.6 
&^ (mm) ^0 
4i (mm) : 5 


MEA (9 


(mm) : 1.46, 
{)^:^<om(ommm(Dm& (mm) : 0.700 . 0.626) 
sfiSiTt^ (mm) : 1 0 0x 1 0 0^ 
(ICftJg •-^-/^-) 



2) {«iiai+l8;l»«S®»*©;^^— »^2tt) 



[0066]As shown in Table 5. the heat-hardened type thing which comprises fluororesin was used as this invention 
sealing-compound q^. The altitude of the hardened material produced by making this this invention sealing- 

compound q^ heat-harden is 50 degrees. And in width, two levels (3.46 mm and 3.69 mm) and height this this 

invention sealing-compound q^ with the two levels (1.2 mm and 1.125 mm). Direct lamination of the power 

generation element MEA was earned out to this after applying to seal-groove PT a depth of 0.5 mm, 420 mm in 
length, and 5 mm in width which was 2.3 mm in application diameters and was provided in the jig made from said 
SUS. And after an electrolyte membrane and this invention sealing-compound q^ stuck, it measured by 

performing heat-curing processing at 120 **. and forming this invention seal q^. Thickness is [two levels (1.3 mm 

and 1 .45 mm) and the plane size of the size of the used power generation element MEA ] 1 00x1 00 mm squares. 
Thickness stuck on both sides of this power generation element MEA the carbon paper which is two levels (0.625 



httD://www4.ipdLinpit.go,jp/cgi-bin/tran_web_cgi_ejje?atw_u^ 10/16/2009 



JP,2001-357861,A [DETAILED DESCRIPTION] Page 25 of 34 



mm and 0.700 mm) as a diffusion zone, and measured it to them. 

[0067]On the other hand, the solid seal r applied beforehand to the constant dimension this invention seaiing- 
compound which consists of said fluororesin on the aluminum substrate, and after making it heat-treat and 

heat-harden at 120 **, it released from mold and fonmed it from the substrate. And the jig SJ made from SUS was 
equipped with the solid seal r which was candied out in this way and formed, and it measured by making this 
laminate the power generation element MEA. 

[0068] Drawing 9 is a graph which shows a relation with height H of a seal when the planar pressure F and the 
various planar pressure F which were made to act on each of this invention seal q^ which was carried out in this 

way and measured, and the solid seat r act on said each seal. Namely, this invention seal q^ which formed 

drawing 9 f rom this invention sealing-compound q^. About each of the solid seal r, the case where the range of 

the gap between separators is set to 0.075 mm is assumed. The diffusion zone D which has the maximum 
thickness of 1.20 mm (only henceforth "maximum thickness"), and the minimum thickness of 1.125 mm. This 
maximum thickness and minimum thickness using the diffusion zone D which has (it is only hereafter called 
"minimum thickness") by making the planar pressure F (kPa) act continuously via the Jig SJ made from SUS as an 
initial value of the overall height of a seal, Planar pressure F^ (kPa) in case the compression amount of the 

diffusion zone D of one side is set to 0.05 mm is measured. 

[0069]lf drawing 9 is referred to, overall height H of a seal will decrease gradually as the planar pressure F 

increases this invention seal and the solid seal r from the maximum of 1.20 mm, or the minimum of 1.125 mm 

1 

in an initial value. In this invention seal q^, by what set the diffusion zone D as maximum thickness, and 

measured it the planar pressure F - 1350kPa - overall height H of a seal - 1.15 mm ~ that is. In what the 
compression amount was set to 1.2 mm - 1.15 mm = 0.05 mm, and set the diffusion zone D as minimum 
thickness, and measured it. As for 1 .075 mm, i.e., the compression amount, it turns out that overall height H of a 
seal is 1.125 mm - 1.075 mm = 0.05 mm by 2100kPa in the planar pressure F. 

[0070]ln this invention seal q^ which applies this invention sealing-compound q^ to the electrolyte membrane M 

contained in the power generation element MEA, makes a separator laminate and changes on it from this result. It 
turns out that the range of the planar pressure difference in the compression amount of 0.05 mm of the diffusion 
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zone D over the variation in the thickness of the power generation element MEA is set to 2100 or less kPa of 
1350 or more kPa. 

[0071]On the other hand, it is what set the diffusion zone D as maximum thickness, and measured It in the solid 
seal r. The planar pressure F Is what set the diffusion zone D as minimum thickness, and measured it by 1.15 
mm. I.e., the compression amount, turning into [ overall height H of a seal ] 0.05 mm by 1400kPa, It turns out that 
1 .075 mm, i.e., the compression amount, Is [ the planar pressure F / overall height H of a seal ] 0.05 mm by 
4000kPa. From this result, it is shown by the solid seal r that the range of the planar pressure in the compression 
amount of 0.05 mm of the diffusion zone D to the variation In the thickness of the power generation element MEA 
is set to 4000 or less kPa of 1400 or more kPa. 

[00723When the above result Is summarized, this invention seal is understood that the range of the planar 

pressure conresponding to the size of the variation in the thickness of the power generation element MEA is small 
compared with the solid seal r which heat-treated beforehand to this this invention sealing-compound q^, and the 

constant dimension was made to harden. Since this invention seal q^ can fully follow in footsteps of the variation 

of the thickness of the diffusion zone D, and by extension, variation of the thickness of the power generation 
element MEA and can change into them from this compared with the solid seal r, it becomes possible to fully ease 
the variation. 
[0073][Example 4] 

(Demonstration test of bending failure control of the separator by application of this invention seal) Next, The 
bending failure test to the separator which has various kinds of bending failure stress which applied this invention 
seal q^ and the solid seal r as shown in Table 5 was done using the separator skin-bending-stress measuring 

device U1 shown in drawing 10 . 

[0074]Power generation element MEA51 In which the separator skin-bendlng-stress measuring device U1 has 
predetermined thickness as shown in drawing 11 , and 52, The diffusion zone D and the separators 61, 62. and 63 
are laminated, and further Between power generation element MEA51 and the separators 61 and 62, And while 
putting the stack structure to which this invention seal q^ intervenes between power generation element MEA52 

and the separators 62 and 63 with predetermined stress with the jig SJ made from SUS. It is distorted to slot PT 
provided In the prescribed position of the separator 62, and has sensor SE, and it is constituted so that the 
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amount sigma of strains in slot PT (refer to drawing 1 1 ) can be measured. 

[0075]On the other hand, the bending failure stress of the separators 61, 62, and 63 was surveyed with the 
separator bending failure stress measurement device U2 as shown in drawing 12 . As shown in drawing 12 , this 
bending failure stress measurement device U1 is distorted to slot PT provided in the prescribed position of the 
separator 60, and is provided with sensor SE, Fix one end ED1 of the separator 60 by jig SJ1 for immobilization, 
load is made to act on end ED2 of another side, and bending failure stress is identified from what is called the 
relation of the amount of strains and load which were measured by strain sensor SE, and a "stress-strain curve." 
[0076]Thus, the result of the bending failure test to the separator which has various kinds of bending failure stress 
which applied this invention seal and the solid seal r which were performed is shown in drawing 13 . The kind of 

separator material is shown on a horizontal axis by drawing 13 , and the bending failure stress (MPa) of a 
separator is shown on a vertical axis. A solid line is shown among drawing 1 3 and the skin bending stress of the 
separator generated in this invention seal in the variation range of the thickness of the various power 

generation elements MEA measured with the separator skin-bending-stress measuring device U1 (1.125 mm - 
1.20 mm) a dashed line. The skin bending stress of the separator generated with the solid state seal r in the 
variation range of the thickness of said various MEA(s) measured with the separator skin-bending-stress 
measuring device U1 is shown. In the variation range of the thickness of the power generation element MEA, the 
skin bending stress which the separator skin bending stress generated in this invention seal q^ generates with 

20MPa and a solid state seal was set to lOOMPa. 

[0077]lf the bending stress of the separator generated from drawing 13 with the bending failure stress of various 
separator materials, the skin bending stress of the separator generated in this invention seal q^, and said solid 

seal r is measured, As opposed to the separator of mold carbon and calcination black lead. Since bending failure 
stress is smaller than skin-bending-stress lOOMPa of the separator which are 60MPa and SOMPa respectively 
and is generated with a solid state seal, a possibility that the separator of mold carbon and calcination black lead 
will be destroyed by application of the solid seal r is high. 

[0078]lf it is in this invention seal q^, even if separator skin-bending-stress 20MPa generated in this invention seal 
q^ compares with which bending failure stress of the separators 61, 62, and 63 shown in drawing 1 1 , on the other 
hand, since it is small, It becomes possible to fully suppress destruction to all these separators. This shows that 
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bending failure stress can apply this invention seal when the variation in thickness combines the power 

generation element MEA which is a maximum of **0.075 mm to the separator of 80 or less MPa, and destruction 
of said stack structure ST can fully be suppressed. 

[0079][Example 5] Next, volume of per the unit length (1 mm) of this invention sealing-compound used for 

3 

formation of this invention seal q^ is made into 0.07 - 7.10 mm , The compression ratio made to act on this this 

invention seal q^ is made into 2.0 to 16.0%. As the cooking temperature at 90 ** and the elevated-temperature 

torture test of cooking time 100 hours were performed and the pressure showed drawing 14 the temperature at 
the time of measurement, using the helium gas of 200kPa as 90 **. a room temperature, and -40 **, the gas leak 
test was done. Namely, as shown in drawing 14 , the sectional shape made from SUS316 applies this invention 
sealing-compound q^ to concave jig SJ3, Cooking temperature shall be 120 **, made it harden by heat treatment 

which made cooking time 3 hours, the diffusion zone D was made to intervene between jig SJ3 and the electrolyte 
membrane M, said pressure was filled up with helium gas in the space surrounded by the electrolyte membrane 
M, the diffusion zone D and jig SJ3, and this invention seal q^, and the leakage test was done. The result is 

shown in drawing 15 . 

[0080]The volume (mm /mm) of this invention sealing-compound q^ is shown on a horizontal axis by drawing 15 

at (%), compression ratio, and vertical axis which are made to act on seal q^ . O (Success) After the cooking 

temperature at 90 **, and the elevated-temperature torture test of cooking time 1000 hours, The amount of leaks 

when a pressure does a leakage test with the helium gas of 200kPa at the temperature of 90 ** and room 

temperature-40 ** is 0 cc/min, and the amount of leaks as x (rejection) was described above, when a leakage test 

is done is 0.5 or more cc/min. From the result shown in drawing 15 , when the volume of sealing-compound q^ 

3 

was more than 0.28 mm /mm and the compression ratio was not less than 6%, it became clear that airtightness 
sufficient also after an elevated-temperature torture test which was described above was held, and the long term 
durability considered as a request was acquired. 
[0081][Example 6] 

(Heat setting promotion test) Next, what uses heat-hardened type fluororesin as the main ingredients is used as 
this invention sealing-compound q^, Eight kinds of this invention seal q^ of the range whose hardness (JIS K 
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6253 it is based on the durometer shoreA) after heat curing is 21-93 degrees were produced, and the heat setting 
promotion test of this seal was done. Said hardness characteristic of these seals is shown in Table 6. 
[0082]Said heat setting promotion test on the jig f which comprises the board made from SUS316 as shown in 
drawing 16 , This invention sealing-compound which uses eight kinds of heat-hardened type fluororesin as 

shown in Table 6 as the main Ingredients, After it applies directly so that section application diameters may be set 
to phlO.Bmm (SI), and sectional shape allocates the spacer p of 0.4 mmxO.4 mm square in the periphery of this 
jig. The board i made from SLIS316 which has not applied said this invention sealing-compound q^ was canied 

on the jig f, the board i. said this invention sealing-compound q^. and the spacer p were stuck, and test sample t^ 

was produced (S2). Then, heat-treat test sample t^ at 150 ** for 2 hours, said this invention sealing-compound q^ 

Is made to heat-harden, and this invention seal q^ is formed. 

Then, the bolt j fastened and test sample t^ was produced so that it might compress until it will remove the spacer 
p and the decrement of the height of this invention seal q^ will be 25% (S3). 

And it heated by carrying out predetermined time insertion of this test sample t^ into the oven whose temperature 

is 90 **. Next, Whenever predetermined time passes, take out test sample t^ from said oven, and the temperature 

of test sample t^ to a room temperature. After making it fall, the leakage test by gaseous helium was done having 

filled up with gaseous helium the space surrounded by the board i, and the jig f and this invention seal q^ , and 

having put the pressure of 200kPa. The degradation state of this invention seal q^ by this heating was 

quantitatively estimated from the measured value of the compression set (%) which is a rate of a shrinkage 
amount over the original size. These results are shown in Table 7. 
[0083] 
[Table 6] 



No. 


mm 


No. 


mm 




2 1-^2 9 




6 0~7 0 


(B) 


3 0-^3 8 




7 0—7 6 


(^•^) 


4 0 — 5 0 




8 0 — 8 5 


(=) 


5 0—5 5 




8 5 — 9 3 



9teeMMn JIS S 62S3 9*3. □ ^ sboreA «rffiV<Tf7oft^ 
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[0084] 
[Table 7] 
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lOOhr 


200kr 


SOOhr 
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12 
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17 
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(P) 
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60 
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8 


11 
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16 


22 
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[0085]Cooking temperature is 90 ** about test sample t^ provided with this invention seal which produced 

Table 7 from various this invention sealing-compound q^, Said compression set (%) and the amount (cc/min) of 

gas leaks when cooking time heats from 100 hours to 1000 hours, returns test sample t^ to a room temperature 

for every predetenmined time and does a leakage test by gaseous helium of pressure 200kPa are shown. 
[0086]The compression set (%) is increasing from the result of Table 7 as cooking time increases also In which 
test sample, A compression set (%) increases comparatively quickly and the degree of progress of degradation is 
quick much more as cooking time's hardness increases with the seal of 21-29 especially. It tums out that cooking 
temperature amounted to 90 **. the compression set amounted to 85 (%) in [ of accumulation ] 1000 hours in 
cooking time, and the gas leak of 2 cc/min has occurred. According to the conditions of this heating test, the gas 
leak was not accepted in other test samples. 

[0087][Example 7] this invention sealing compound and the sealing compound for comparison (this invention 
sealing compound and the sealing compound for comparison are summarized, and for convenience) which use 
as the main ingredients thermosetting fluororesin which is eight kinds of (b) from which the hardness after 
hardening shown in Table 6 differs next - (**) the following "sealing-compound q^" - saying ~ it applying directly 

(S1 1 ) and so that the diameter of a section may become the jig f which comprises the board made from SUS31 6 
as shown in drawing 1 7 with phiO.Smm, After sectional shape allocates the spacer p of 0.4 mmxO.4 mm square in 
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the periphery of the jig f, Sealing-compound was not applied, and the board i made from SUS316 which coated 

the surface with polytetrafluoroethylene and improved detachability, such as a seal, was carried on the jig f, the 
board i, sealing-compound q^, and the spacer p were stuck, and test sample t^ was produced (S2). Then, heat- 
treat test sample t^ at 150 ** for 2 hours, sealing-compound q^ is made to heat-harden, and this invention seal 

and the seal for comparison (this invention seal and the seal for comparison are collectively called following "seal 
q^" for convenience) are formed. 

Then, seal q^ was made to exfoliate from the board i, and the spacer p was removed. 

[0088]Next, the tag tile sensor film for planar pressure measurement was inserted between the outside surface of 
seal q^, and the surface of the board i of SUS316 with which the surface was coated with tetrafluoroethylene. and 

the bolt j fastened it. and it was compressed by the predetermined pressure (S13). And the relation of the 
thickness to planar pressure was measured about seal q^ produced from 8 kinds of sealing-compounds q^ of (b) 

shown in Table 6 - (**). The result is shown in drawing 18 . In this example, the planar pressure which acts on seal 
q^ of (b) - (**) estimated the dependency of the hardness of seal q^ at the time of height H of these seals 

changing. 

[0089]From drawing 18 , the thickness of a seal is decreasing as planar pressure increases each of seal (^) 

shown in Table 6 - (**). It turns out that the percentage reduction of height H of seal q^ [ as opposed to the 

increase in planar pressure in a thing with said higher hardness ] is small. Field (I) shown with shade and shadow 
shows the compressive load characteristics contained in said stack structure of a fuel cell, such as carbon paper 
typical as a diffusion zone, and carbon crossing, among drawing 18 . 

Seal q^ which is (b), (**), (**). (**), and (**) which have the point of measurement within the limits of this field (I) 

means consistenting comparatively well with the compressive load characteristic of said diffusion zone. 

It can be said that seal q^ has so larger than these results a rate of a planar pressure rise over a compression 

amount that said hardness is high. 

[0090]And the range of the compressive toad characteristics, such as carbon crossing typical as said diffusion 
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zone, and carbon paper, as shown in field (I) in drawing 18 , (b) - if the compressive load characteristic of seal 

of (**) is compared and considered, to become easy to produce the following phenomena will be considered by 
the size relation of the planar pressure which acts on a diffusion zone, and the planar pressure which acts on seal 

[0091]The section of the cell C1 which changes from the electrolyte membrane M, the diffusion zone D and the 
separators 1 1 1 and 112, and this invention seal to (A) of drawing 19 and (B) respectively, and the important 

section of C2 is shown typically. When predetennined load is made to act on an up-and-down separator as the 
anrow in a figure shows, drawing 19 (A), The case where the planar pressure alpha which acts on this invention 
seal q^ is larger than the planar pressure beta which acts on the diffusion zone D is shown, and drawing 19 (B), 

When predetermined load is made to act on an up-and-down separator as the arrow in a figure shows, the planar 
pressure alpha which acts on this invention seal q^ is equivalent to the planar pressure beta which acts on the 

diffusion zone D. or the case not more than it is shown. 

[0092]As shown in drawing 19 (A), when the planar pressure alpha which acts on this invention seal q^ is larger 

than the planar pressure beta which acts on the diffusion zone D, In order that the planar pressure alpha may act 
dominantly in the portion whose area which the separators 111 and 112 and this Invention seal q^ touch is 

comparatively nan^ow. It becomes what has a comparatively big pressure per unit area of these contacting parts, 
the end of the separators 111 and 1 12 is raised, and it is easy to curve in the shape where the central part curved 
to the inner direction relatively. Thus, if the curvature of the separators 1 1 1 and 112 occurs, it will become easy to 
generate breakage of the separator which considers variation in the thickness of the power generation element 
MEA contained in said stack structure as a reason. Therefore, the danger that breakage of the separators 111 
and 112 will arise In this case is high. 

[0093]On the other hand, as shown in drawing 19 (B). when the planar pressure alpha of this invention seal q^ is 

equivalent to the planar pressure beta of the diffusion zone D or is less than it, In order that the planar pressure 
beta may act dominantly in the portion whose area which the separators 111 and 112 and the diffusion zone D 
touch is comparatively large, the pressure per unit area of these contacting parts will become comparatively 
small, and it will become very difficult to generate the curvature of the separators 111 and 112. Therefore, the 

http://www4.ipdl.inpit.go jp/cgi-bin/tran_web_cgi_ejje?atw^^^ 10/16/2009 



JP,2001-357861,A [DETAILED DESCRIPTION] Page 33 of 34 

danger that breakage of the separators 111 and 112 will arise in this case is very low. 

[0094]That is, the planar pressure alpha of this invention seal is equivalent to the planar pressure beta of the 

diffusion zone D, or it is desirable that it is less than it. Therefore, in order to prevent the curvature of the 
separator which stops the heat setting nature of the seal contained in the stack structure of a fuel cell, and is 
contained in the stack structure and to avoid the danger of breakage of a separator. As for the hardness of said 
this invention seal q^. it is preferred that it is the not less than 30-degree range of 70 degrees or less based on 

durometer hardness test shoreA specified by JIS K 6253. 
[0095] 

[Effect of the lnvention]This invention has the following outstanding effects as explained above. 
(1) According to the invention concerning claim 1. it is possible to make almost uniform planar pressure at the 
time of laminating the separator and power generation element which constitute a fuel cell, and sealing nature 
high reservation and the seal of a uniform size can be formed. Therefore, the heat-hardened type fluid-sealant 
agent for polymer electrolyte fuel cells constituted by doing in this way becomes possible [ forming a seal with 
high endurance also under the severe condition of an elevated temperature, highly humid, and strong acid ]. 
[0096](2) According to the invention concerning claim 2 and claim 3. the thing with little heat setting nature for 
which a seal with high endurance is formed very much becomes possible, without making it heat-harden under 
heat atmosphere which degrades the electrolyte membrane which constitutes a polymer electrolyte fuel ceil. 
[0097](3) According to the invention conceming claim 4, after a separator, a power generation element, and 
separators have contacted, Since the initial height of a seal follows in footsteps of thickness of each power 
generation element when these are concluded, since a sealing compound is made to heat-harden, the seal stress 
difference by the thickness variation of a power generation element is suppressed very low. Therefore, it becomes 
possible to apply to the separator of various sorts. 

[0098](4) According to the invention conceming claim 5, if said heat-hardened type fluid-sealant agent uses a 
silicone series elastomer, a fluorinated elastomer, or an isobutylene system elastomer as a substrate, it will 
become possible to provide cheaply and easily. 

[0099](5) According to the invention concerning claim 6, the single cell for the polymer electrolyte fuel cells with 
which there is no degradation of the electrolyte membrane which constitutes a polymer electrolyte fuel cell, and 
the seal with dramatically high endurance was formed is provided. A seal stress difference is able to provide few 
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single cells to the variation in a seal gap. When laminating the single cell concerning this invention, there are few 
possibilities that a separator will be destroyed, since it has the seal which was able to balance heat setting nature 
and the tolerance over breakage by bending stress, endurance is markedly alike and increases. 
[0100](6) without it makes it harden under heat atmosphere which degrades the electrolyte membrane which 
constitutes a polymer electrolyte fuel cell according to the invention concerning claim 7 - a single cell - a seal 
with dramatically high endurance - productivity - it becomes possible to form highly. When the single cell 
manufactured by doing in this way is laminated and a fuel cell is constituted, a possibility that the separator of a 
single cell will be destroyed becomes small. 

[0101](7) According to the invention concerning claim 8, since there is no degradation of the electrolyte 
membrane which constitutes a polymer electrolyte fuel cell and the seal with dramatically high endurance is 
formed, the fuel cell which laminated such a single cell can be used, being stabilized for a long period of time. 
[0102](8) Since it becomes possible to form a seal with dramatically high endurance in a single cell easily, without 
making it harden under heat atmosphere which degrades the electrolyte membrane which constitutes a polymer 
electrolyte fuel cell according to the invention concerning claim 9, The seal which abnormalities generated is 
exchanged for a seal with high endurance, and it becomes possible to reproduce as a fuel cell with high 
endurance. 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 
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«9 ft <!r m^lKJlM p: A - ^ft/J-PKc # 6 ftji 

[0 0 3 3] rcoi^ClLT. *^?^t^#>5*ft^i/-/^ 
M E A (7)/^ ^ ^ <7)fc i!?) tc:— ^^j£(7) V— 

m^i^-/i^mm{zm^LxmmLfc'j^Bx\ 

^UEA(Om^{Zi&mi-^tzisb. |§fl:*^-MEA(7)jf:$ 
7 :y =^ J; 5 T < M ;i b ^ o 

y^mmMxLxi'^m^titzi^y<i^-^'^^-n'^y^\c 

15-30 m&%(Dmm^)B,^ LXm^ l^tz^e-zu K;^? 

[0 0 3 4] m^i^-/\^m<omim(Dmm ^mm\c 



11 

EAt (DWimomPcmm f c o:>fj\'^{tLm.\mf&^ti^ 

tK ^(DU(D'y-J\y<x^(Om^^f}^. J I S K 6 2 5 
3TM^^i^TV^5r^D^^^5^ $^^s h o r e A 

h . mit^(0 'y-j\^on$, $ {tm^ti t9 tt t ;«7 - v^^ir 

[0 0 3 5] x^Dp<-^?j|^K®^s h o r e AT'Sy^ 

^1. 2 ti§l:*^MEAi:opBi(7)SBiSi5T:^;*^;^co5J' 

WLmm-bt^^. mWAmi)^^'&\.. 

i7)^^^-i/_^ 1 ^ 2(5or$ftM^?r^i:^-^{c< < /^5o 

[0 0 3 6] -Dg[zi^mM(om(Dmmmm\zw>^mi^^i 
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-jlS(crt3 0 0'-5 0 0 k P acOtaffl-Cfo^o * 

10 [0 0 3 7] -r^^t^h. m^-rhmmmw^TT^-rm^. 

20 (*2-4#fiS) ^ 

[0 0 3 8] m.^s.'y-^^M(Dmt) w(7)ct ^> 

L T $ tifc (c>^> ^ ix- /i^^J ^ mj E ii *9 

^gft:^{4^. 1r^it>hi o o-i a o°c. »*u<iii i 

or-i3o°c. t^-:>^<D^^m^mmMtmm^mmm 

F^(C:fe^(t5S::grUS± 5°C-C. L< 1 2 or 

± 5°Ci?iai!{kt*Sr t(cJ:oT?;fMov-/^^ffM1- 
?) (XS2) o rcDi5(-LT. m^lHIfM^^Mt^it 

30 5o 4^c. rcoj: 9{-UT|S3t$^^/c¥ir/^C^^^SL 
[0 0 3 9] mmmM(o^^) t^^. mm(r>:}5m^m 

iy-jv^^'th^'^^\-^m^^\^x (xai) . mno:> 

h^iy-zi^^m^Ltzm (xg2) . mmtmm(DJiu 

;-*^§fl^C«S?g^^ti/"/U^J5:iifflL (XS3) . -tL 
40 (XS4) i$?l, 2 i:^«*-?-MEA<i:(>OFBl(C 

ic, ^iry^tc#^(c:»^tt(Oi^i^v/-/Vq, 
50 [004 0] 
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13 

-:ixa. :^mm\c^.^m'iki^-/i^m^ ^:^mmi^-j\^ 
\^x-^xmit^-^xmf^Lti^y-/i^^ nmi^-zi-q. 
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[0 0 4 1 ] mmA 1 ] 

5^U>'?^0#iii7>?. h-v-^i/7)c:/)'t L. 3 0 0-12 

0 0 0 p a • s m^&^^-r^mmitmmt'ikiy-^i^M 
mmim(Diy-/uamm^ik^w\^LxwmLtio «i 

[0 0 4 2] 

[^1] 









^t^ly^mm^^S^tV. I4fll«5 3 0 0-1 2 00 0 P 
a - s (0'h<f>o 




2 0 0 X 5 0 X 3mm(OTA^K=^*^MtSLJu\Z.mMi^i:L I 5 




4^ 0. 6 mm 




1 1 0 mm/ see 




50 Ok P a 




(ttc) y^— KTCD-2 0 0 



[0 0 4 3] ^l[c::^-f 2 0 0mm. 5 

0mm. J¥$ 3mmO;^^^ $^^i-6T/^^^'>A>K;i)^ 
hf->y/U±|C. f^gO. 6mm(^<7)yXVu 

"C, ft^iSS 1 1 0 mm/ sec. ^^ii;':; 5 0 0 k 

pa-^tLT. 1 5 0mm (DmBm^mm^mm 



30 



bfc*|§|^ v/^/W q . <0 g j:. ^yNt^ 0 . 6 ± 

0. 1mm, ig^H;6^0. 5±0. ImmXfe^o ^ 1- 

j:: J: ^ t^lf « ^-t? V ^. r t (DS¥«^*;6^ t) M IB^fl 

2. as. m4{c^ ^>^mm^mm^i^-/^M(Dm^^ 

coif fij5g:i:lCOV^T. (Ci?. 5 ^JS0"!J t t ^ 

[0 0 4 4] 
[«2] 



I 



(9) 
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2^ y •:3—>?^z^-)vm<o^i^m 





No. 


\ jr a. ' sj 




HfilV- tS>t/TS 

■Tf «Jb4££iS 1 ) 


C3 -iB 

em 


lew 




1 




o 


r\ 
\J 


(J 


O 




2 


1 9in 


0 


\J 


o 


o 


O 


2oOU 


4 


o 


o 


o 


4 




o 
o 




o 




5 


6600 


2 


o 








6 


8300 


1 


o 


o 


o 




7 


9000 


1 


o 


O 


o 




6 


550 


10 




A 


X 




9 


960 


10 


X, 


A 


X 


it 

n 
m 


10 


960 


8 


X. 


A 


X 


11 


1070 


8 


X, 


O 


X 


12 


1210 


6 




o 


X 


13 


2600 


5 




o 


X 




14 


47S0 


4 




o 


X 




15 


6600 


3 




o 


X 




16 


8300 


2 




o 


X 




17 


9200 


1 


Xt 


X 


X 




18 


10400 


1 


X, 


X 


X 




19 


11600 


1 


X, 


X 


X 
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fc-r*®T?*D. X ,|±<SWlj5^0.7mmjeiPOiS^H3a5 0.4mm5teSfiC!>%(Z>T 
2) BteSMiDOv A. xa:-?n^tittTcZ)i-5«:3^oag?»«&^b. 

3 ) »^g?«6<0OH:^«. xtt:f^»€^ro 



; : ! -A m 



il? fjiijiil!! 



BlHl 



[0 0 4 5] 



7 ^y^ISi/— 





No. 


(Pa s) 


{wa/sec) 










20 


1000 


8 


o 


o 


o 




21 


1100 


8 


o 


O 


o 


22 


2000 


8 


o 


O 


o 


23 


4000 


8 


o 


o 


o 


24 


6500 


6 


o 


o 


o 




25 


8000 


6 


o 


o 


o 




26 


9000 


5 


o 


o 


o 




27 


650 


6 


X. 


A 


X 


it 


28 


970 


8 


X. 


A 


X 




29 


1100 


8 


X, 


o 


X 


30 


2000 


6 


X, 


o 


X 




31 


2000 


4 


X. 


o 


X 




32 


4000 


4 


X, 


o 


X 




33 


6500 


3 


X, 


o 


X 




34 


8000 


2 


x^ 


o 


X 




30 


9600 


1 


X, 


X 


X 




36 


10000 


1 


X, 


X 


X 



2) a»M©o, A. xtt-tn^neiT^Jt-jttj^ofijjce^sn^u 

OttA»> Al±«axft», xi4;pAft«r. 

3) »^M©Ott^. xtt^p-^jfeftSir, 



[0 0 4 6] 



I«4l 
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No. 


(Pa • s) 












37 


1000 


9 


O 


O 


O 




38 


1500 


8 


O 


o 


O 


39 


3500 


8 


O 


o 


o 


40 


5500 


8 


o 


o 


o 




41 


8500 


6 


o 


o 


o 




42 


9000 


4 


o 


o 


o 


It 


43 


500 


9 


X, 


A 


X 


44 


700 


8 


X. 


A 


X 




46 


900 


8 


X, 


A 


X 


m 


46 


10000 


1 


X. 


X 


X 






12000 


1 


X, 


X 


X 



3 ) 4ft^3)M[|fi«>0»d«. xtit^«$£r< 




[0 0 4 7] ^3. «4{c^rc): 5) jr. >/y3~ 

(Oj^tf^v^-yU-^J (No. 8--IO, 27, 28. 35. 

3 6. 4 3-4 7) (r^ov^Tit. mmm(7:>mm^Wi 

BiJfSgtlTf-fecOO. 6±0. 1 mm(DmW^{^tlX 

[0 0 4 8] ^/c. ^^rnvrn'^LtzmmP^m^^^^ 

q. ' iit^mi^o, 11 — 16. 2 9 — 3 4) 

/ ^ q . ^ ff^ jtJc 1- 5 r t ;i 5 pl T 5 1 J6 ^ ^ n 6 o 

[0 0 4 9] :^|g§^i:«Lfc«6ffl[^<7)*S«^* 

qi (No. 1 — 7. 2 0-2 6. 3 7 — 4 2) J^foo 

x\^^?>^tf}^i^f)-?>o :itih(o^^m:^-h. -^^^rnxm.-^ 

Lfc*figt5fflSr^i-'5*^e^v--/i-^Jqa§r. fm(Dm 

[0 0 5 0] [mmm2] 

tt) otlCl, ^ffi^{4^(CTf^ML7t*^P;^>--/Wq, (7) 

i^aa^^MWJEiix;^ h^ftofco i-^j^t^h. mitu&t 

r. jpiKiss9o°c. jpfRiBfrai oomm(o^i'\'x\ * 
-'^(D^mi:f)^nx^mm'JO^m<D':^it^iS:m^'\t. ^<d so 



(%) Bfjffir;^ hBij(7:):$:^0>^i/->'Uq. (JOS^Hotc 
Mi'^mU'r^ /v-it'^Hc <hmJt£x;^ ht^oo 

>--yPffi$I-L tcDM^^fil-g^t LT. [ { (Ho-Hi) 

/Ho} XI 00] (D^t)>h9-tiiLtih(r>xh^o 04 

(cME#fiM^i/-/i-^iJ^ffli^r#btb?tSg*(OloS: 
[0 0 5 1 ] ia4(i. 1 0 or. 1 1 0°Cfc 

J:l>^l 5 0°C(O37Kmi: L. figfWtPBl^ 1 s 30#r0l692 
7k2g (^i'lbrUS;^^ 5 O'CtDt #) . 3. 4:*o 

J:l/5B$rp1(0 3 7K* (?M{W^i$;OU o 0°C. ^tziti l 

(%) ^ffliJSLfCo ^t7).S«^El4tc:*-ro Igl4;0^^. 

-/^^Jqo(7)fi^{t;6^~Jif^it^ti^/c^. f^M^nfc* 
^P^v^-/Uq.(7)^18S^S;6^^#</^oT. mJEi^a6<3 
^immv-:^h\zX6f±m^^m (%) ;65/h$<^c^5t 
(^i#;i?5n5o ifcE4J:«9. mti^&t)^^ l 5 0°C<D 

(%) ^mmt^i-^x^^. ^(D-t^^hmti^&^^i 
5 o°c. si{bB*rB^;«j^ 1 nmumx^mmi^-/^ q i 

it^m^i>m.^.^^h^^t. 1 5 o°cJiiTxfc5o Lfc 

[0 0 5 2] ME^S* t v'-'/l- q > CO^t^fi^^Mb 



19 

[ 0 0 5 3 J 121 5 (1. mW.^nm^'y-J^Mmmu^& 

ft#LTE^{bL. rus75^Bv^}j<!r\ 

[0 0 5 4] *^PJ#^tt. SU^. v'-yu q . (7:> 

S!{k:MST'{tM$nfc*|g?^C/-/Uq . Xitmmff^^it 20 
P^v/-yi-qi^^^tte)n5«»HSf{t 1 3 0°CJ:'9 tffi 
v^-yU- q 1 (Dj±m^^M (%) 4 5 - 6 0 %g 

1 1 5± 1 b^'cxmit^'txm^^it^zti^m^L'^^ 

Ztt^^^TH>^fZo 30 

[0 0 5 51 Lmmm 3 ] 

(tetS:g D (7)l¥ ^ co/N y :y (7:»ll|p (c J: 5 ir ^< i^— o 

±y<u-^i. 2 tmMnf^Mt(Dm\^^mmi^- 
> (aT> rfsHtv-^^^y^j -fe/^u- 

1 2 i: 0Mtc?f^^$ti5*l6?^ v'-yUq 40 

1. q.. q,. qi\:iJtM^%±i-?>o ^ (Dj;t^t) irM^Q-t 

fv q . <om^^ t ^^i:>^ttzm^ Sr*-r ^ w t t 

#ir/N u-^ tciSJt ?>ixfc*|g?^ v^-yi- q i 
[0 0 5 6] :L<0^ofj:mm.^<yy^\c3:r>X^'fi>if^ 

^m'y-J\^q^Wi(D^^±.^\t. ^wn'y-^^^q^m'k^'^h 
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i/-^-^. ;^->ioj^Mci 5-3 o%(;)^tflg^i^S'&L■r 
;r . flijffift {f jj;^ i o T ft {f « 4-* C-^-fv \ r (7) 

[0 0 5 7] [216(1. l211t;i:^-r-X^yi5^1tigST603: 
^$B^*L/ct(7)-C\ :^-7}^V • ir/N'i— 1 1 . 1 
2. 13. 14i:. S^KJSM. M. Mi:. teftiiD 

1. D2. D3i:. yU2 1. 2 2. 2 3 i:;6^e5^'5 
y^m^:^ST^fr--t, m^X\ teMSDl. D2. 

D3(7)ff^Tl. T2. T3 (T3>Tl>T2ti- 
5) ^0/^^y^^::j^:l:Tv/-y^2 1 . 2 2. 2 3c7)ffi$ 

HI. H2. H 3(ct>/<y :y:3f.;^|S^i:^xv^5o 

. -fer/Ni/-^ 1 1 , 12. 13. 1 4tc(it^:fi|-c7)#14io 
Tpv • ir^NU— ^ 1 1 . 12. 13. \ 4m(Dmt^P^^ 
oT;«7— • -t^Nl/— 1 1 . 12. 13. 14(D5 

[0 0 5 8] |2l6tC;^-rj: ;^7— /K> • ir/N I/— ^ 

ST. • ir/NU-^ 1 1 i:SMLTV^^>>— 

{tiy—/U2 1 ;ii^??;(7 — 4<>^ • ±y<U—^ 
1 2. >'-y^2 2, ±y<U—^ 1 3. yU2 3. ioj: 

i/^T*l. yU2 1 iv/— yu2 3 i:-ei**i^fcv^--yU2 

2t;i*|-LTFi t Fa tco^^^e)^-5;J^;^il (f.-F3 = 
F2) mf^L. Z(Dft^t}mF2^^^^-yr:>^ • '^y<u-^ 

1 2Sfcill 3(?)fttffiS«JS;^^Sx.^i:;3?7-7j^V • -fe 

V^-SiJ-g^t-fl. ffitScJlDl. D2. D3cOff$Tl. T 

2. T3 (T3>T1>T2) (Dy<y 'y^{zX^X±C 
5v'-/U2 1. 2 2. 2 3 (Df^tDmB^^BfUi- i> ^ t 

:^^^X^fj:\^^tz^. ^(Di:o^j:;^^^y^M^i:'oX±C^ 

[0 0 5 9] iH\^M LT. 2 1. 2 2. 2 3 {C 

*|g0^ic:«5*^?^>^-yuqi tteiScSD 1 . 

D2. D3(^iP^Tl. T2. T3 (T3>T1>T 

2) (;)>'<7:y^(cJ:oT:t C-5'>— y^2 1 . 22. 23 

(Dm(Dmmm^%^\cm^'r^ztf)-x^x. ±y<\y- 

^12. 1 3com*^»ihi-2):ii:;ii^pIt^i:^^So 



(12) 
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1. 12. 13. 1 4(OF;f^f4g(cS:fli ;^7-/}^>- 
-tr/<u-^ll. 12. 13. 1 4 <^ D i: ;6>g^fl!t 

1. 12. 13. 14^IS^-f5t^ '>--/U2 1. 2 

2. 2 3(^iiit;:^IS^ft;0^%^L. C/-;U2 1. 2 2. 
2 3<7:»i«^;6^te»SD 1 . D2. D 3 (Cii^ldi^ 
M-r5t(7:>i:?fc6o Lfc/i^oT. futSLfci 

1 1 oS'i) tviJ:oTx-/U2 1 (^i:l:g^(5^Sji/^i±liJS 

i1:^fflL. i±*git;^F, c^EESSiJ^^F^. ^(7:)j^:;;^gF2 7i^i/ 

-j\^2 2\cim-r^m^vh. /r^;^llF2^^)^#^^5E 

[0 0 6 0] — H 7 fi. [36 tK:/ . ir^N 

U-i5?ll. 12. 13. 1 4(^f-tfc»?}|;i. Hg^iHIS^ 

(i^T. r^JRir/NU--:5'j tmo) 110. 
120. 130. 140 S/c. v/— /^t LT*! 20 

iiK :S^'ft60[ilJp^v'— yU2 1 0. 2 2 0. 2 3 0 
^ffix. 6 ;^ ^ :y fl?ig S T 2 
[0 0 6 1 ] iKl 7 (i. tetScS DIO. D20. D30(D 
ff^TlO. T20. T30 (T30>T10>T20 
t-t^) (Dy<yy^{cMJtLXi^-Ji^2 1 0^ 2 2 0. 
2 3 0(?)iB $H 1 0. H2 0. H3 0\Ch^<yy^t>± 
CXr^-^^^m^TJ^-t (H3 0>H1 0>H2 0) o 
T. ^JSir/^l/-^ 1 1 0. 120. 130. 140;^^ 

0. 2 2 0. 2 3 0<DM^(Dy<yy^ (H30>H10 
>H2 0) iCioT. V— /P2 1 OlCi;bg!fi^rSV^i±|giS 

;^F,o ;iM^fflL. ^LT^/-/^2 3 0 t:iitgt6^ig:i/^i±« 
j:£;;^jF3o ;6M^fflL. ^(D'^^t LxmmftJlF tj±m 
mtlF^o t(Ditt)^F2o tJi^v— /U2 2 OfCf-^fflLTt. 
^Mir/NU-^ 1 1 0. 1 2 0. 1 3 0. 1 4 0 (ii:!:® 

1 2 0*^(^1 3 o(Dmimit±zm\^^t^^hti^o 

[0 0 6 2] of^tc;*:^PJ#^{l. ft(f 5SSiS;075^i:l:gt 40 
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[0 0 6 3] S-f. *tf®m^^^8 OMP a J^TTfo 
±0. 0 7 5mm-efo«9ff ^^^^:y=^7!i5it^6^:^i^l/^^ 

[0 0 6 4] HlBfi. ®H:ffliJ:SKSOPCD^^^^7l^ 

L. -4^mmi^-^^mq^^umm^\^xmit^'^ti^^ 

/cS»K)KM^. SUSSi(0;^e:S JT^fel^^. 
-r^h(OXh^o S^c. Suffix ^ 

a^^-M E A (Dm ^(Dy<vy^ (dbw^m^^ ^6 . 

MSrSijfesusM<^^&As J {c3g*Lfc^. mjffi2*ic(^) 

«)??KBlMc7)#^ *^P^i/-yUqi ifcfiSff^v^- 
SUSi8(0;^AS J tc^^(0;^)SrJPx.T*^KiX-/Uq 
/Uq I jo i tK@IJf^->— r <D#>Jr (^JE3ifi(::>Et-f 5ffiJE 

^iJ^L/Co -tLT. >T-ffliJ^ffitfe@(7)i±ffii;^^0. 0 5 
mmtfHXo^mi±F^{m^-^Xj:mLfZo 

l§l:*^ME ACOlt^^^ 5 
[0 0 6 5] 
[^5] 
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(fe A* C«>-^cD^^<c:ia 

ib^«fe4,6D) 




i)g (mm) : 3.46 ,3.69 
Cmm) : . 1.1Z5 
(mm) :2.3 (5^— ;U?)f 


tel (mm) : 3.5 

(mm) : 1.2 
(i>'-;uatt:4'i<>t:^lfU 


to >J- ^6 
1} 


(mm) : 0.5 
(mm) 420 
43 (mm) : 5 


ME AO 


1?^ (mm) : 1.45 . 1.3 

(M-:tr<Z){l5)®fi£;|gcJl®JP^ (mm) : 0.700 , 0.625) 
^m-^^ (ram) : 1 0 0x 1 00^ 



2) (m»^+iiiSc®«^(3D^^cr);;^^-i^2«) 



[0 0 6 6] ^5{C7T>1-J: -4^mm^>-^i^Mq^ t 

/l^^Jqo ^itii;6^3. 4 6mmt, 3. 6 9 m m 2 7K 

i^^;!i^l. 2mm(t. 1. 1 2 5 mmO 2 *vp-e^ 
M*^?r2. Smmt LTmit£SUSS<7)^^^tc:^ttb 20 
iXTt. gg$0. 5mm, ft$4 2 0mm, ^U5mm(Diy 

L/c^. 1 2 0°CT^fia?^ft*0;a^tToT*|geSv'~/Uq 

(D^&lt. S-^-f)^^ . Smmir. 1. 45mmC927k 

^ES^-jfe^^)^ 1 0 0 X 1 0 Omm-^T'fo-So 
K^-MEAtJOfSfiStC, Jf:$;i^O. 6 2 5mmi:. 0. 7 
0 0mm(7?27K*'r*fo6;«7 — • ^ffitScJl t 

[0 0 6 7] Hff^'>-/ur(i. mmy^m^^mm 

mm^^^-'^-tm^m^L. 1 2 o^xm^m^n-ox 
mmt^'^tzm. ^(Dmm±^-hmmLxmf^i.'tco ^ 

[0 0 6 8] Iii9fj:. 5l-LTay^L/c*^B^V 
-/U q . i: mWy-^^ r (Cftffl ^-yrfcSJi F t . 

U(Dl^>i^ti^O. 0 7 Smmt/c^^^'&^fi^LT. * 
:;i^if:^l. 2 0mm (iJ;LT. ^IC rft;/^J?:$j ts^) 
$r^"-r^ffi;»aD joctt/ft/Wf^ 1 . 12 5 mm (tA 

ir LTSUSK(7)^e,S J 5::fhLTSI±F (kPa) ^ 



At^O. 0 Smmir^i'Si^^^SJEEFo (kPa) 

[0 0 6 9] E19Sr#fig-r6i:. ^^P^i/^.'U q i . io 
J:U«@ff^i/-/i- r 1 1 ^;]fflfit^^ft;k:tt i . 2 o m 

^/c:{ia/J^f6l . 1 2 5mm;6^^. ffi/±F^^tgJO-f 

*IS0.^v/-/i^q.c7)iJ^, ffi»ilD5rft^i¥^t- 
W&\.Xm'&\.tLh<OX\^. Bi£F;6^ 1350kPa-T? 

/U(0^iS^H;^5 1 . 15mm. -ff^ii^^-h. ^<^I±IS 
ifll . 2mm— 1. 15mm=0. OSmmi^c^^s 

F;$i^2 1 0 0 k P a 1?^/— /KO^S ^ H;6^ 1 . 0 7 5m 

^tOjE/ffiiJil . 125mm-l. 07 
5mm=0. 0 5 mm i: o TV^S ^ i:^^^:^^^o 
[0 0 7 0] Z,(D'^^^^^ *^5^v— /Ufflqo^^^a 

/Nl/-^$r?|g^i^Tj^Sc5*:^0J^>-/i-q.Tii. 

*0. 0 5mm(Ciott'5ffiJ±^OfQfflfi. 1 3 5 0 kP 

a6l±2 10 0k P aWTirit^r i:;i^:9i'^^'5o 
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